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The title compound, C21H23CIN2O2, was synthesized from N- 
amino-a-terpinene maleimide and 2-chlorobenzaldehyde. 
There are two independent molecules in the asymmetric unit 
which are linked via an intermolecular C— H- ■ O hydrogen 
bond. The crystal studied was found to be a partial merohedral 
twin, with a 0.74 (7):0.26 (7) domain ratio. 



Orthorhombic, Pba2 
a = 18.505 (9) A 
b = 27.012 (13) A 
c = 7.630 (4) A 
V = 3814 (3) A 3 

Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r mi „ = 0.929, r mai = 0.947 

Refinement 

R[F 2 > 2a(F 2 )] = 0.059 

wR(F 2 ) = 0.129 

5 = 0.99 

8499 reflections 

470 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



Z = 8 

Mo Ka radiation 
H = 0.22 mnT 1 
T = 296 K 

0.35 x 0.28 x 0.25 mm 



26001 measured reflections 
8499 independent reflections 
4632 reflections with I > 2a(I) 
R in , = 0.092 



H-atom parameters constrained 
A/w = 0.14 e A~ 3 
Ap mi „ = -0.24 e A~ 3 
Absolute structure: Flack (1983), 

3824 Friedel pairs 
Flack parameter: 0.26 (7) 



D-H- -a 


D-H 


H-A 


D-A 


D-H-A 


C2B—H2BB- ■ -OlA' 


0.98 


2.40 


3.213 (4) 


139 


Symmetry code: (i) x — |, 


-y + \,z + l. 









Data collection: SMART (Bruker, 2001); cell refinement: SAINT 
(Bruker, 2002); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 



Related literature 

For the synthesis of the starting crterpinene-maleic anhydride 
adduct, see: Luo et al. (2006). For the synthesis of TV-ammo-a- 
terpinene maleimide, see: Maurya & Verma (1986). For 
related structures, see: Struga et al. (2007, 2009); Devar- 
ajegowda et al. (2010); Duan et al. (2007). For standard bond 
lengths, see: Orpen et al. (1989). 
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rac-(l^,2^,6/f,7/?)-4-{[(l£)-(2-Chlorophenyl)methylidene]amino}-l-isopropyl-7-methyl-4- 
azatricyclo [5.2.2.0 ' ]undec-8-ene-3,5-dione 

J.-X. Huang, W.-G. Duan, X.-L. Ma, Q.-J. Mo and Y.-H. Liang 
Comment 

Turpentine is an abundant and green resource in China. a-Pinene, the main component of turpentine, can be isomerized 
to a-terpinene which reacts with maleic anhydride to yield the a-terpinene-maleic anhydride adduct (Luo et al, 2006). In 
order to search for novel bioactive compounds (Duan et al, 2007), a series of a-pinene derivatives was synthesized and 
their respective crystal structures were detected. 

Herein, we report the crystal structure of the title compound. The structure presents racemate crystallizing in a polar space 
group with Flack parameter 0.26 (7). The asymmetric unit of the title compound is shown in Fig. 1. There are two independent 
molecules [A and B] with all bond lengths and angles within normal ranges (Orpen et al, 1989). The C = N double bond 
in both molecules adopts E configuration. The dihedral angles between benzene rings [CI 6 — C21 and C37 — C42] and 
hydrazone moieties [N1A — N2A — C15A — C16A and NIB— N2B— C15B— C16B] are 4.1 (3)° and 1.7 (3)°, respectively. 
In the crystal, molecules A and B are linked together via weak intermolecular C — H - 0 hydrogen bond between tertiary 
carbon atom and carbonyl group. 

Experimental 

A mixture of 3.042 g (0.015 mol) of A r -amino-a-terpinene maleimide, 1.41 g (0.01 mol) of 2-chlorobenzaldehyde and 35 
ml of ethanol was placed in a 50 ml two-necked flask. When the reaction temperature reached 84 °C, 3 ml of acetic acid 
was successively added to the solution as a catalyst in 15 minutes. The reaction was monitored by TLC. After complete 
disappearance of 2-chlorobenzaldehyde, the solvent was evaporated under reduced pressure. The residue was washed with 
distilled water. The crude product was purified by column chromatography and recrystallized from ethanol. Single crystals 
of the title compound suitable for X-ray diffraction were obtained by slow evaporation of an ethanol solution. 

Refinement 

All H atoms were positioned geometrically and refined using a riding model with C-H = 0.93-0.98 A with (7i S0 (H) = 
1.5Ueq(C) for methyl H atoms and Uiso(H) = l.2Ueq(C) for all other H atoms. The conformation of the Me groups was 
optimized rotationally. 
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Figures 




Fig. 1. The molecular structure of the title compound with the atom numbering scheme. Dis- 
placement ellipsoids are drawn at the 30% probability level. H atoms have been omited. 



rac-(1 R,2S</i?,6R,7R)-4-{[(1 E)- (2-Chlorophenyl)methylidene]amino}-1 -isopropyl-7-methyl-4- 
azatricyclo[5.2.2.0 2 'Vndec-8-ene-3,5-dione 



Crystal data 

C 2 iH 2 3ClN 2 02 
M r = 370.86 
Orthorhombic, Pba2 
Hall symbol: P 2 -2ab 
a = 18.505 (9) A 
6 = 27.012 (13) A 
c = 7.630 (4) A 
K=3814 (3) A 3 
Z=8 

^(000)= 1568 



D x = 1.292 Mgiri 

Melting point: 409 K 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 5447 reflections 

6 = 2.3-24.8° 

|i = 0.22 mm 1 

7=296K 

Block, colourless 

0.35 x 0.28 x 0.25 mm 



Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.929, T max = 0.947 
2600 1 measured reflections 



8499 independent reflections 

4632 reflections with / > 2a(I) 
R mt = 0.092 

©max — 27.4 , 0 m i n — 1 .3 

h = -23^22 

k = -34^34 
/ = -9^9 



Refinement 
Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )} = 0.059 
wR(F 2 ) = 0.129 
5 = 0.99 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[a 2 CF 0 2 ) + (0.0308P) 2 ] 
where P = (F 0 2 + 2F c 2 )/3 
(A/a) max < 0.001 
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8499 reflections 
470 parameters 
1 restraint 

Primary atom site location: structure-invariant direct 
methods 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *ITJ 
^iso ' ^eq 


C11A 


0.84297 (7) 


0.09373 (3) 


0.36480 (15) 


0.0834 (3) 


cub 


0.59584 (8) 


0.44416 (3) 


0.80798 (15) 


0.0956 (4) 


OlA 


0.91729 (14) 


0.33806 (8) 


0.1121 (3) 


0.0617(7) 


02A 


0.86707 (19) 


0.24002 (8) 


0.5824 (4) 


0.0871 (10) 


OIB 


0.53699 (13) 


0.19579 (7) 


0.5811 (3) 


0.0564 (6) 


02B 


0.59021 (16) 


0.29986 (8) 


1.0328 (3) 


0.0752 (8) 


N1A 


0.88856 (15) 


0.27992 (8) 


0.3209 (3) 


0.0434 (7) 


N2A 


0.89422 (16) 


0.24227 (8) 


0.1979 (4) 


0.0495 (7) 


NIB 


0.56592 (15) 


0.25645 (8) 


0.7799 (3) 


0.0423 (7) 


N2B 


0.56132 (15) 


0.29247 (8) 


0.6508 (3) 


0.0473 (7) 


CIA 


0.82636 (18) 


0.40115 (9) 


0.3761 (5) 


0.0409 (7) 


C2A 


0.88924(17) 


0.36367 (10) 


0.4107 (4) 


0.0409 (8) 


H2AB 


0.9341 


0.3818 


0.4339 


0.049* 


C3A 


0.90062 (18) 


0.32852 (10) 


0.2604 (4) 


0.0432 (8) 


C4A 


0.8747 (2) 


0.27826 (11) 


0.5006 (4) 


0.0523 (9) 


C5A 


0.87074 (19) 


0.33034 (10) 


0.5702 (4) 


0.0449 (8) 


H5AA 


0.9076 


0.3348 


0.6610 


0.054* 


C6A 


0.7954 (2) 


0.34372 (11) 


0.6468 (4) 


0.0523 (9) 


C7A 


0.75934 (18) 


0.37079 (10) 


0.3591 (5) 


0.0480 (8) 


H7A 


0.7302 


0.3720 


0.2598 


0.058* 


C8A 


0.7441 (2) 


0.34205 (11) 


0.4946 (5) 


0.0525 (9) 


H8A 


0.7034 


0.3218 


0.4955 


0.063* 


C9A 


0.8194 (2) 


0.43166 (11) 


0.5466 (5) 


0.0567 (10) 


H9AA 


0.8641 


0.4495 


0.5676 


0.068* 


H9AB 


0.7810 


0.4558 


0.5334 


0.068* 


C10A 


0.8030 (2) 


0.39829 (11) 


0.7037 (5) 


0.0633 (10) 


H10A 


0.7586 


0.4091 


0.7591 


0.076* 



Ap m ax = 0.14eA 

Ap m i„ = -0.24 e A" 3 

Absolute structure: Flack (1983), 3824 Friedel pairs 
Flack parameter: 0.26 (7) 
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n Arm 

U.UVj3 


A 771A 
U. /Z3V 




TJ1 TC 


a c/i in 
U. J42U 


A ACA1 

U.UjUZ 


A Oil A 

U.ol 1U 


A 1 QA* 


I I 1 TT7 

rllJr 


U. j3oj 


U.U J3 / 


A £A£/1 

U.0U04 
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C14B 
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CloB 
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riloB 


U. Jo43 


A A Cil Q 
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A A Ci 1 A 

u.4y iu 


A AO 1 * 

U.Uol 


C19B 


0.5628 (2) 


0.44701 (13) 


0.2937 (6) 


0.0689 (11) 


H19B 


0.5618 


0.4709 


0.2059 


0.083* 


C20B 


0.5508 (2) 


0.39830 (12) 


0.2528 (5) 


0.0626 (10) 


H20B 


0.5421 


0.3891 


0.1373 


0.075* 


C21B 


0.55172 (19) 


0.36324 (10) 


0.3818(5) 


0.0536 (9) 


H21B 


0.5431 


0.3303 


0.3524 


0.064* 



Atomic displacement parameters 


(A 2 ) 












U u 


u 22 


C/ 33 


U 12 




t/ 23 


C11A 


0.1296 (10) 


0.0559 (5) 


0.0648 (6) 


-0.0107 (5) 


0.0002 (7) 


0.0126 (5) 


cub 


0.1695 (13) 


0.0502 (5) 


0.0670 (7) 


-0.0153 (6) 


-0.0046 (8) 


-0.0105 (5) 


OlA 


0.0818(19) 


0.0451 (12) 


0.0583 (16) 


0.0061 (11) 


0.0360 (15) 


0.0021 (11) 


02A 


0.162 (3) 


0.0432 (13) 


0.0559 (16) 


0.0018(15) 


0.0060 (18) 


0.0129(13) 


01B 


0.0789 (19) 


0.0427 (11) 


0.0476 (14) 


-0.0058 (11) 


-0.0128 (14) 


0.0002(11) 


02B 


0.129 (3) 


0.0408 (12) 


0.0555 (15) 


0.0054 (13) 


-0.0069 (16) 


-0.0111 (12) 


N1A 


0.0562 (19) 


0.0316(12) 


0.0425 (16) 


0.0054 (11) 


0.0005 (14) 


-0.0027 (11) 


N2A 


0.068 (2) 


0.0327 (13) 


0.0480 (16) 


0.0056 (12) 


0.0024(15) 


-0.0030 (12) 


NIB 


0.0549 (19) 


0.0315 (12) 


0.0405 (15) 


0.0001 (11) 


-0.0014 (14) 


-0.0003 (12) 


N2B 


0.061 (2) 


0.0350 (13) 


0.0462(16) 


0.0038 (12) 


0.0009 (15) 


0.0033 (12) 


CIA 


0.050 (2) 


0.0336 (13) 


0.0393 (16) 


0.0017(13) 


0.0069 (17) 


-0.0045 (14) 


C2A 


0.040 (2) 


0.0358 (15) 


0.0465 (19) 


-0.0050 (13) 


0.0001 (16) 


-0.0020 (14) 


C3A 


0.042 (2) 


0.0384(15) 


0.049 (2) 


0.0016(14) 


0.0073 (18) 


0.0030 (15) 


C4A 


0.072 (3) 


0.0415 (18) 


0.044 (2) 


-0.0013 (16) 


-0.0072 (19) 


0.0032 (16) 


C5A 


0.054 (2) 


0.0422(16) 


0.0387 (18) 


-0.0005 (14) 


-0.0072 (17) 


-0.0029 (15) 


C6A 


0.070 (3) 


0.0517(18) 


0.0355 (19) 


-0.0083 (16) 


0.0093 (19) 


-0.0014(15) 


C7A 


0.047 (2) 


0.0475 (16) 


0.049 (2) 


0.0065 (15) 


-0.0037 (19) 


-0.0114 (17) 


C8A 


0.052 (3) 


0.0486 (18) 


0.057 (2) 


-0.0080 (16) 


0.0038 (19) 


-0.0088 (17) 


C9A 


0.070 (3) 


0.0426(17) 


0.057 (2) 


-0.0029 (16) 


0.001 (2) 


-0.0142(17) 


C10A 


0.081 (3) 


0.059 (2) 


0.049 (2) 


-0.0013 (19) 


0.009 (2) 


-0.0191 (19) 


C11A 


0.078 (3) 


0.0412(17) 


0.054 (2) 


0.0074 (17) 


0.010(2) 


0.0014(16) 


C12A 


0.102(4) 


0.062 (2) 


0.100 (3) 


-0.011 (2) 


0.030 (3) 


0.022 (2) 
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0.090 (3) 
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0.068 (3) 


0.0096 (19) 
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0.0180 (19) 


C20B 


0.079 (3) 


0.054 (2) 


0.055 (2) 


0.0103 (19) 


0.001 (2) 


0.0018(17) 
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0.065 (3) 


0.0364(15) 


0.059 (2) 


0.0035 (15) 


0.000 (2) 


0.0042 (17) 



Geometric parameters (A, °) 



C11A— C17A 


1.742 (4) 


C18A— C19A 


1.381 (6) 


CUB— C17B 


1.740 (4) 


C18A— H18A 


0.9300 


OlA— C3A 


1.201 (4) 


C19A— C20A 


1.384 (5) 


02A— C4A 


1.215 (4) 


C19A— H19A 


0.9300 


OIB— C3B 


1.205 (4) 


C20A— C21A 


1.384 (4) 


02B— C4B 


1.204 (4) 


C20A— H20A 


0.9300 


N1A— N2A 


1.388 (3) 


C21A— H21A 


0.9300 


N1A— C4A 


1.396 (4) 


CIB— C8B 


1.501 (4) 


N1A— C3A 


1.409 (4) 


CIB— CUB 


1.532 (5) 


N2A — C 1 5 A 


1.257 (4) 


CIB— C9B 


1.554 (5) 


NIB— N2B 


1.388 (3) 


CIB— C2B 


1.570 (4) 


NIB— C4B 


1.398 (4) 


C2B— C3B 


1.509 (4) 


NIB— C3B 


1.405 (4) 


C2B— C5B 


1.542 (4) 


N2B— C15B 


1.269 (3) 


C2B— H2BB 


0.9800 


CIA— C7A 


1.492 (4) 


C4B— C5B 


1.511 (4) 


CIA— C9A 


1.546(4) 


C5B— C6B 


1.548 (5) 
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JN2A — JN 1 A — C4A 


1 1 a a 
1JU.9 (2) 


pin* pin* mpt a 
C 1 9 A — C2U A — H2UA 


1 1A C 

1ZU.J 


Ml A \71 * pi * 

JN2A — JN 1 A — CjA 


1 1 £L n tl\ 
lib. / (i) 


pifl* pn A P 1 /C A 

C2U A — C2 1 A — C 1 DA 


I i| C\ C\\ 

izi.y (3) 


P/1 A Ml A PI A 

C4A — JN 1 A — CJA 


112.4 (i) 


pin* pn a mi a 
C2UA — C21A — H21A 


1 1 A 1 

i iy.i 


pi c A \T1 A Ml A 

C15A — JN2A — JN 1A 


liy.4 (i) 


PU a PT1 A U11 A 

CloA — C21A — H21A 


1 1 A 1 

i iy.i 


JN 2B — JN IB — C4B 


1JU.1 (2) 


POO pin P 1 1 13 

C8B — C 1 B — C 1 1 B 


113.J (3) 


\tid \T1 D pin 

JN2B — JN IB — C3B 


i n i 

11 /.I (2) 


POO pin pno 

C8B — C 1 B — C9B 


1 A/i T /"3\ 

lUo./ (3) 


/ ' -I O \T1D f ' 1 I'l 

C4B — JN IB — C3B 


1 12. a (3) 


pi id pin pno 
C 1 1 B — C 1 B — C9B 


1 13.Z (Z) 


pi rn \nn Ml r» 

C 1 5B — JN 2B — JN 1 B 


119.1 (3) 


POO P10 PTO 

C8B — C 1 B — C2B 


1 AC /I 

105.4 (2) 


C7A— CIA— C9A 


107.3 (3) 


CUB— C1B— C2B 


113.5 (3) 


C7A— CIA— C11A 


112.1 (3) 


C9B— C1B— C2B 


103.8 (3) 


C9A— CIA— C11A 


113.0(2) 


C3B— C2B— C5B 


105.3 (2) 


C7A— CIA— C2A 


106.1 (2) 


C3B— C2B— C1B 


113.4 (3) 


C9A— CIA— C2A 


105.4 (3) 


C5B— C2B— C1B 


110.8 (3) 
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pi 1 * pi * pT i 

CI 1A — CIA — C2A 


1 12. j (3) 


/ ■ 1 1 1 P1D 1 1 ^ I A I A 

C3B — C2B — H2BB 


1 AO 1 

ioy.1 


PI A PI A PC A 

C3A — C2A — CjA 


IID.Z (2) 


prn pin | 

CjB — C2B — H2BB 


1 AO 1 

ioy.1 


PI A PTA p 1 A 

C3 A — C2 A — C 1 A 


112.0 (p) 


P 1 13 PTD U1DD 

C 1 B — C2B — H2BB 


1 AO 1 

ioy.1 


pel pi A p 1 A 

CjA — C2 A — C 1 A 


1 1 A 1 (1 \ 

11U.1 (3) 


P.1D PI 13 \T1 D 

U 1 B — C3B — JN 1 B 


123.0 (i) 


PI A PI A U1 A ID 

C3A — C2A — H2AB 


1 aa & 


pin pin pid 

U 1 B — C3B — C2B 


1 TO O Al\ 

12o.o (i) 


CjA — C2A — H2Ar> 


1 AO 


MID P1D P1D 

JN lr> — C3rS — C2r> 


1 AO O A1\ 

1U0.2 (i ) 


P1 A PI A U1 A 13 

C 1 A — C2 A — H2 AB 


1 aa £ 


aid pin atid 

U2B — C4B — JN IB 


11A \ 

124.2 (i) 


P. 1 A PI A \11 A 

OlA — C3A — JN 1 A 


123.3 (3) 


mo pin PCD 

U2B — C4B — CjB 


ill. 5 (5) 


P. 1 A PI A PTA 

OlA — C3A — C2A 


no i 
12o.2 (3) 


Mid pin PCD 

JN IB — C4B — CjB 


1 AO C i1\ 

lUo.J (i) 


vri A PI A PTA 

JN 1 A — C3A — C2A 


1 AO A S1\ 

1U5.4 (3) 


/'111 PCD pin 

C4B — CjB — C2B 


1 AC 1 /I \ 

1UJ.1 (i) 


A~11 A C^A A \T1 A 

C*2A — C4A — JN 1 A 


123.0 (3 ) 


l ■ \ \) pcD / ' A* I A 

C4rS — Cjd — C0r> 


110 0 l"i\ 

1 12.0 (i ) 


P.1 A P/1 A PC A 

U2A — C4A — C5A 


12 1 A (3) 


piD PCD / ' /. I ) 

C2B — CjB — CoB 


111.1 (2) 


\ri A P/l A PC A 

JN 1 A — C4A — CjA 


1 AO A /"I \ 

lUy.U (3) 


PAD PCD UCD A 

C4B — CjB — HjBA 


1 AO 1 

iuy.2 


P/l A PC A PI A 

C4A — CjA — C2A 


1 A/1 O f1\ 

1U4.0 (3) 


piD PCD UCD A 

C2B — CjB — HjBA 


1 AO 1 

iuy.2 


P/1 A PC A p/: A 

C4A — CjA — CoA 


111 T f1\ 

113.2 (3) 


p/:d PCD UCD A 

CoB — CjB — HjBA 


1 AO 1 

iuy.2 


PI A PC A P/; A 

C2A — CjA — CoA 


111 A 

lll.U (2) 


P^7D p/;d pi ad 
C ID — CoB — C 1 4B 


111 f 

11 3. J (3) 


P/l A PC A UC A A 

C4A — CjA — HjAA 


1 AA 1 


P^7D p/;d P 1 ad 

C ID — CoB — C 1 0B 


1 AO 1 Al\ 

lUo.l (i) 


PI A PC A UC A A 

C2A — CjA — HjAA 


1 AA 1 


PI An p/;d P 1 ad 

C 1 4B — CoB — C 1 0B 


1 1 A 1 f?\ 

11U.2 (i) 


P/: A PC A UC A A 

CoA — CjA — HjAA 


1 AA 1 


P^7D / ' /. I ) PCD 

C id — CoB — CjB 


i a/; i 
1U0.3 (i) 


PO A P/; A P 1 A A 

CoA — CoA — C 1 4 A 


111 A 

1 13.V (3) 


pi aid p/;d PCD 
C14B — CoB — CjB 


113.0 (3) 


PO A P/; A P1AA 

CoA — CoA — C 1 (J A 


1U /. / (3) 


P 1 ad p/:d PCD 

C10B — CoB — CjB 


I/IA c Al\ 

1U4.J (i) 


PI A A p/; A pi n a 

C 1 4 A — CoA — C 1 OA 


111 1 

111.3 (3) 


POD P"7D / V. I A 

CoB — C Id — CoB 


1 1 c o /1\ 

ii j. y (i) 


PO A p/; A PC A 

CoA — CoA — CjA 


llD.o (3) 


POD P"7D UTD 

CoB — C ID — ti ID 


1 T^l 1 

122.1 


pi A A P/; A PC A 

C 1 4 A — CoA — CjA 


111 C 

1 13. j (3) 


t '/. I A P"7D UTD 

CoB — C ID — ti ID 


1 1 

122.1 


P1AA P/; A PC A 

C 1 OA — CoA — CjA 


1 A/1 1 S1\ 

1U4.3 (3) 


P"7D POD P1D 

C Id — CoB — C 1 B 


in a 
11 / .U (3) 


PO A P"7 A P1 A 

CoA — C/A — CIA 


115.6 (3) 


f "1Y1 POD TTOD 

C Id — CoB — HoB 


1 *1 1 c 

121. J 


PO A P"7 A UT A 

CoA — C / A — H / A 


122.2 


P1D POD UOD 

C1B — CoB — HoB 


111 c 

121 .J 


pi A P"7 A UT A 

CIA — C /A — H /A 


122.2 


P 1 AD POD P 1 D 

C 1 0B — cyB — C 1 B 


i n i 
112.1 (2) 


P"7 A PO A P/; A 

C / A — CoA — CoA 


1 1 £ O /"]\ 

11 o.o (3) 


P 1 AD POD UOD A 

C 1 0B — cyB — Hy B A 


1 AO 1 

iuy.2 


P"7 A PO A UO A 

C / A — CoA — HoA 


1^1 *^ 
121 .0 


P 1 D POD UOD A 

c i b — cy B — Hy B A 


1 AO "1 

iuy.2 


p/; A PO A UO A 

CoA — CoA — HoA 


121 .0 


P 1 AD POD UODD 

C 1 0B — cyB — Hy BB 


1 AO 1 

iuy.2 


P1AA PO A PI A 

C 1 OA — C9 A — C 1 A 


111 T /">\ 

111.2 (2) 


P1D POD UODD 

c i b — cy B — Hy BB 


1 AO T 

iuy.2 


p 1 p\ A PO A UO A A 

C 1 OA — CVA — tiy AA 


1 AA /I 

iuy.4 


UOD A POD UODD 

HyBA — cyB — HyBB 


1 A"7 O 

iu/.y 


pi A Pfl A UO A A 

C 1 A — CV A — tiy A A 


1 AA /I 

iuy.4 


POD P 1 ad p/;d 

cyB — C 1 0B — CoB 


1 1 A A i1\ 

11U.4 (i) 


P 1 A A PO A UO A IA 

C 1 OA — CV A — Hy AB 


1 AA A 

iuy.4 


POD P 1 AD U1AP 

cyB — C 1 0B — ti I OC 


1 AO £. 

luy.o 


pi A PO A UO A D 

c i a — cy A — Hy Ac 


1 AA A 

iuy.4 


p/;d p 1 ad uiap 
C OB — C 1 0B — ti 10C 


1 aa /; 

luy.o 


UO A A PO A UO A IA 

HyAA — cyA — HyAB 


1 AO A 

lUo.U 


POD P 1 AD uinrA 

cyB — C 1 0B — ti I UU 


1 AO £. 

luy.o 


PO A P10A p/; A 

Cy A — C 1 UA — CoA 


111 1 n\ 

111.1 (3) 


p/;d p 1 ad uinrA 
CoB — C 1 0B — ti I UU 


1 ao /: 

luy.o 


PO A P10A U10A 

Cy A — C 1 UA — H I UA 


1 AO A 

iuy.4 


U1AP P 1 AD TJIflfA 

ti 1 0C — C 1 0B — ti I UU 


1 AO 1 

lUo.l 


p/;a P10A UIOA 

CoA — C 1 UA — ti I UA 


1 AO A 

iuy.4 


P11D PI ID P1D 

C13B — CI IB — C1B 


11/11 { A\ 

114.3 (4) 


PO A P 1 O A U 1 flD 

Cy A — C 1 UA — ti I OB 


1 AO /I 

iuy.4 


P11D PI ID p| id 

C13B — CI IB — C12B 


1 1 A A /"3\ 

11U.U (i) 


P/T A PI A A U1AD 

CoA — C 1 UA — ti I OB 


1 AA A 

iuy.4 


P1D pi id pno 
C1B — CI IB — C12B 


111 i1\ 

111.0 (i) 


U1AA P1AA U1 AO 

ti I U A — C 1 U A — ti 1 OB 


1 AO A 

lOo.O 


P11D PI ID U11D 

C13B — CI IB — HI IB 


1 a/; o 

luo.y 


C12A— C11A— C13A 


ioy.3 (3) 


C1B— CUB— HUB 


106.9 


C12A — C11A — CIA 


114.7(3) 


C12B— CUB— HUB 


106.9 


C13A— C11A— CIA 


111.4 (3) 


CUB— C12B— H12D 


109.5 


C12A— C11A— H11A 


107.0 


CUB— C12B— H12E 


109.5 


C13A— C11A— H11A 


107.0 


HI 2D— C12B— H12E 


109.5 


CIA— C11A— H11A 


107.0 


CUB— C12B— H12F 


109.5 



sup-8 



supplementary materials 



pi 1 A pita un A 

CI 1A — C1ZA — hllZA 


1 AA C 

iuy.D 


I I 1 -> r-\ pi -> \~y ui ITT 

hi 1 ZD — C 1 ZB — hi 1 Zh 


1 AA C 

iuy.D 


pi 1 A pnA III ~) D 

CI 1A — C1ZA — hllZB 


1 AA C 

iuy.D 


I I 1 1C P11D TU11TT 

hi 1 Zb — C 1 ZB — hi 1 Zh 


1 AA C 

iuy.D 


Tin A P11A I I 1 id 

hi 1 Z A — C 1 Z A — hi 1 ZB 


1 nn c 

iuy.D 


pi id pi in ] 1 1 -j n 
CI IB — C13B — hll3L) 


1 AA C 

iuy.D 


pi i a pita unr 
CI 1A — C1ZA — hllZC 


1 nn c 

iuy.D 


pi id / • i in one 
CI IB — C13B — hi 13b 


1 AA C 

iuy.D 


un A PHA I I 1 IP 

hi 1 Z A — C 1 Z A — hi 1 ZC 


1 AA C 

iuy.D 


hi 1 3D — C 1 3B — hi 1 3b 


1 AA C 

iuy.D 


1 1 1 ~> o pha unr 1 
hi 1 ZB — C 1 Z A — hi 1 ZC 


1 AA C 

iuy.D 


/ • 1 | D PI 1 n U11TT 

CI IB — C13B — hl!3h 


1 AA C 

iuy.D 


pi i a pn a ui i a 
CI 1A — C13A — H13A 


1 A A C 

iuy.D 


hi 1 3D — C 1 3B — hi 1 3h 


1 AA C 

iuy.D 


Pi i a pn a iii in 

CI 1A — C13A — H13B 


1 AA C 

iuy.D 


hi 13b — C13B — hl!3h 


1 AA C 

iuy.D 


Un A P n A ill on 

H 1 3 A — C 1 3 A — hi 1 313 


1 A A C 

lUy.D 


/ • /: I") pi /i rj TT1 ,1 r\ 

CoB — C 1 4B — hi 1 4D 


1 AA C 

lUy.5 


pi i a pn a iii ~s { ' 

CI 1A — C13A — hll3C 


1 AA C 

iuy.D 


/ • /; T) pi Art, i i 1 /i 

CoB — C 1 4B — hi 1 4b 


1 AA C 

iuy.D 


U1T A pn A III -j p 

hi 1 3 A — C 1 3 A — hi 1 3C 


1 AA C 

iuy.D 


I I 1 1 1~"\ p| /in I I 1 ,1 C 

hi 1 4D — C 1 4B — hi 1 4b 


1 AA C 

iuy.D 


1 1 1 1 D pn a ii| i / ' 

H13B — C13A — hll3C 


1 AA C 

iuy.D 


/ • /" T) pi /|D I I 1 AT? 

CoB — C 1 4B — hi 1 4h 


1 AA C 

iuy.D 


p/ A P 1 /I A T_T1 A A 

Co A — C 1 4A — hi 1 4A 


1 AA C 

iuy.D 


I I 1 1 1~"\ p| /ID ill . 1 17 

hi 1 4D — C 1 4B — hi 1 4h 


1 AA C 

iuy.D 


p/. A P1/1A I I 1 1 O 

Co A — C 1 4A — hi 1 4B 


1 AA C 

iuy.D 


Til 1 C PI /ID U1/1T7 

rl 1 4b — C 1 4B — rl 1 4r 


1 AA C 

iuy.D 


TJU A pi/1 A I I 1 1 D 

hi 1 4 A — C 1 4 A — hi 1 4B 


1 AA C 

iuy.D 


MID ( " 1 CD Z" 1 1 /^T5 

JN ZB — C 1 DB — C 1 oB 


1 1 o o f1\ 

llo.o (3) 


p/; a pi A A i i 1 i { • 

Co A — C 1 4A — hi 1 4C 


1 AA C 

iuy.D 


MID pi CD I I 1 CD 

JN ZB — C 1 DB — hi 1 DB 


1 1A £ 

IZU.o 


TU1 A A pu A I I 1 ,1 ( • 

hi 1 4 A — C 1 4 A — hi 1 4C 


1 AA C 

iuy.D 


/ • i / n pi CD i i i r i) 

CloB — ClDB — HIDB 


1 1A £ 

IZU.o 


I I 1 1 T~) pi A A I I 1 1 ( ' 

hi 1 4B — C 1 4 A — hi 1 4C 


1 AA C 

iuy.D 


p -> 1 I) pud pi ID 

CZ 1 B — C 1 oB — C 1 Id 


111 A 

11 1 A (3) 


\n a pica pi /:a 

JN ZA — C 1 J A — C 1 oA 


1 in 1 

ny.z (3) 


PT | I) pud pi ri) 

CZ 1 B — C 1 oB — C 1 DB 


111 O (1 \ 

IZl.o (3) 


\M A PKA UI C A 

JN ZA — C 1 J A — hi 1 j A 


1 in /i 
1ZU.4 


P 1 "7 O PUD PICD 

CI Id — CloB — ClDB 


1 1A 0 /*}\ 

IZU.o (3) 


pi/T A PICA U1 C A 

C 1 oA — C 1 J A — hi 1 j A 


1 in /i 
1ZU.4 


PI OD P 1 ID p 1 ID 

C 1 oB — C 1 / B — C 1 oB 


1 1A 1 (1 \ 

1ZU. / (3) 


PITA C A PT1 A 

CI /A — CloA — CZ1A 


117.7 (3) 


pi on p 1 id PI 1 l) 

CloB — CI ID — CI IB 


1 1 O C (1\ 

llo.D (3) 


pn A pi/T A PICA 

CI /A — CloA — ClDA 


n 1 c /I \ 
1Z1.D (3) 


p|/i) p 1 ID Pll D 

CloB — CI Id — CI IB 


1 1A A (1\ 

izu.y (3) 


PI 1A Z" 1 1 /; A PICA 

CZ 1 A — C 1 0 A — C 1 J A 


1 in o fi\ 
IZU.o (3) 


p l do piod P 1 ID 

CiyB — CloB — CI Id 


1 1A A (1 \ 

1ZU.U (3) 


piOA pnA pi/: A 

CloA — CI /A — CloA 


ill. 1 {$) 


p i DD pi od l 1 | o o 

C 1 y B — C 1 oB — hi 1 oB 


1 1A A 

1ZU.U 


piOA pnA nil A 

CloA — CI /A — C11A 


11 /.o (3) 


( • 1 -7D piod ill on 

CI/ B — C 1 oB — hi 1 oB 


1 1A A 

1ZU.U 


pi/r A pnA nil A 

CloA — CI /A — C11A 


111 1 

1Z1.1 (3) 


{ '~)f\ I) P 1 AD PI OD 

CZUB — C 1 y B — C 1 oB 


1 1A 1 (1 \ 

1ZU.Z (3) 


Z" 1 1 A A PIOA PITA 

ClvA — CloA — CI /A 


1 in c\ (i\ 
1ZU.U (3) 


pmD p l do U1AD 

CZUB — c i y B — hi i y B 


1 1 A A 

i ly.y 


Z" 1 1 A A PIOA UI O A 

C 1 y A — C 1 o A — hi 1 o A 


1 in n 
1ZU.U 


PI OD p l no U1AD 

C 1 oB — c i y B — hi i y B 


1 1 A A 

ny.y 


T17A P1RA H1RA 


1 70 0 

1Z.U.U 


r?iR r?0R riQR 


1 70 0 (&\ 
i z,u.u y-\ f 


C 1 8 A — C 1 9 A — C20 A 


120.1 (3) 


C2 1 B — C20B — H20B 


120.0 


C 1 8 A — C 1 9 A — H 1 9 A 


119.9 


C 1 9B — C20B — H20B 


120.0 


C20A — C 1 9 A — H 1 9 A 


119.9 


C20B — C2 1 B — C 1 6B 


121.8 (3) 


C21A — C20A — C19A 


119.0 (4) 


C20B — C2 1 B — H2 1 B 


119.1 


C2 1 A — C20 A — H20 A 


120.5 


C 1 6B — C2 1 B — H2 1 B 


119.1 


P/1 A Ml A \n A PK A 

C4 A — JN 1 A — JN 2 A — C ISA 


C 1 /C\ 

5.3 (5) 


P 1 "7 A PU A pTi A P1/IA 

C 1 / A — C 1 oA — C2 1 A — C2UA 


A 1 /C\ 

0.2 (5) 


PI A Ml A \n A PICA 

C3 A — JN 1 A — JN 2 A — C ISA 


1 1*7 n ri \ 
-1 / /.U (3) 


PICA PU A pT| A pi/iA 

C 1 5 A — C 1 OA — C2 1 A — C2UA 


1 lO 1 n\ 

-1 /o.Z (3) 


C4B — JN IB — N2B — C15B 


1 1 /c\ 

-3.2 (5) 


POD P1D Pin pin 

CoB — C1B — C2B — C3B 


an 1 (i\ 
oo.l (3) 


P3 D Ml ID MID n CD 

C3B — JN IB — JN2B — C15B 


nc A (1\ 

1 /D.4 (3) 


pi ID P1D P1D P1D 

C 1 1 B — C 1 B — C2B — C3B 


CO 1 (1 \ 

-Do. / (3) 


pi A A PT A 

C / A — C 1 A — C2 A — CI A 


o3.U (3) 


POD P1D pin P1D 

C9B — C 1 B — C2B — C3B 


1 lO 1 (1\ 

1 /o.l \p) 


pn a pi a p^ a pa a 
C9A — CIA — C2A — C3A 


1 i<c c n\ 
1 /O.D (Z) 


POD P1D P1D PCD 

CSB — C 1 B — C2B — C5B 


CI 1 (1\ 

-DZ.l (3) 


P1 1 a pi a pi a pa a 
CI 1 A — CIA — C2A — C3A 


cn n /ia 
— Dy.y (3) 


pi ID P1D Pin PCD 

C 1 1 B — C 1 B — C2B — C5B 


1 1£ A (1 \ 

i /o.y (3) 


P"7 A PI A PI A PC A 

C / A — C 1 A — C2 A — C J A 


C/1 1 

-54.1 (3) 


POD P1D PTD PCD 

C9B — C 1 B — C2B — C5B 


C A A (1\ 

Dy.y (3) 


PA A P1A PTA PCA 

C9 A — C 1 A — C2 A — C5 A 


59.5 (3) 


MTD M1D PTD P1D 

N2B — NIB — C3B — (JIB 


1 1 /c\ 

-1.2 (5) 


C 1 1 A— C 1 A— C2 A— C5 A 


-177.0 (3) 


C4B— NIB— C3B— 01B 


177.7 (3) 


N2A — N1A — C3A — OlA 


-2.3 (5) 


N2B — N 1 B — C3B — C2B 


178.2 (2) 


C4A — N1A — C3A — OlA 


175.9 (3) 


C4B— N 1 B — C3B — C2B 


-2.9 (4) 


N2A — N1A — C3A — C2A 


177.9 (2) 


C5B — C2B — C3B — 0 1 B 


-178.2 (3) 


C4A — N1A — C3A — C2A 


-4.0 (4) 


C1B — C2B — C3B — OIB 


60.5 (4) 
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C5 A — C2 A — C3 A — 0 1 A -178.5 (4) 

CIA— C2A— C3A— OlA 61.6(5) 

C5 A — C2 A — C3 A — N 1 A 1.4(3) 

CIA— C2A— C3A— N1A -118.6(3) 

N2A— N1A— C4A— 02A 2.4 (6) 

C3A— N1A— C4A— 02A -175.5 (3) 

N2A— N1A— C4A— C5A -177.2 (3) 

C3A— N1A— C4A— C5A 5.0 (4) 

02A— C4A— C5A— C2A 176.7 (4) 

N1A— C4A— C5A— C2A -3.8 (4) 

02A— C4A— C5A— C6A -62.3 (5) 

N1A— C4A— C5A— C6A 117.3(3) 

C3A— C2A— C5A— C4A 1.4(3) 

CIA— C2A— C5A— C4A 123.0 (3) 

C3A— C2A— C5A— C6A -121.1 (3) 

CIA— C2A— C5A— C6A 0.5 (3) 

C4A— C5A— C6A— C8A -64.9 (3) 

C2A— C5A— C6A— C8A 52.6 (3) 

C4 A— C5 A— C6 A— C 1 4 A 60 . 5 (4) 

C2 A — C5 A — C6 A — C 1 4 A 178.0(3) 

C4 A — C5 A — C6 A — C 1 OA -178.3 (3) 

C2 A — C5 A — C6 A — C 1 OA -60.8(3) 

C9A— CIA— C7A— C8A -55.3 (3) 

C11A— CIA— C7A— C8A -179.9(3) 

C2A— CIA— C7A— C8A 57.0(4) 

CIA— C7A— C8A— C6A 0.2 (4) 

C14A— C6A— C8A— C7A 178.1 (3) 

C 1 OA — C6A — C8 A — C7 A 54.2 (4) 

C5A— C6A— C8A— C7A -56.8 (4) 

C7A— CIA— C9A— C10A 53.7(4) 

C11A— CIA— C9A— C10A 177.7(3) 

C2A— CIA— C9A— C10A -59.1 (3) 

CIA— C9A— C10A— C6A -2.0 (4) 

C8 A — C6 A — C 1 OA — C9 A -49.9 (4) 

C14A— C6A— CI OA— C9A -175.3 (3) 

C5 A — C6 A — C 1 OA — C9 A 62.0 (4) 

C7A— CIA— C11A— C12A -173.9(3) 

C9 A— C 1 A— C 1 1 A— C 1 2 A 64 . 7 (4) 

C2 A— C 1 A— C 1 1 A— C 1 2 A -54 . 5 (4) 

C7A— CIA— C11A— C13A 61.2(4) 

C9 A— C 1 A— C 1 1 A— C 1 3 A -60 . 1 (4) 

C2A— CIA— C11A— C13A -179.3(3) 

N 1 A — N2A — C 1 5 A — C 1 6A 175.9(3) 

N2A— C15A— C16A— C17A -177.9(3) 

N2A— C 1 5 A— C 1 6A— C2 1 A 0.4 (5) 

C21A— C16A— C17A— C18A -0.3 (5) 

C15A— C16A— C17A— C18A 178.1 (3) 

C21A— C16A— C17A— C11A -178.5 (3) 

C15A— C16A— C17A— C11A -0.2(5) 



C5B— C2B— C3B— NIB 2.4 (3) 

C1B— C2B— C3B— NIB -118.9(3) 

N2B— NIB— C4B— 02B 2.1 (6) 

C3B— NIB— C4B— 02B -176.6(3) 

N2B— NIB— C4B— C5B -179.2(3) 

C3B— NIB— C4B— C5B 2.1 (4) 

02B — C4B — C5B — C2B 178.2 (3) 

NIB— C4B— C5B— C2B -0.5 (3) 

02B — C4B — C5B — C6B -60.6 (4) 

NIB— C4B— C5B— C6B 120.7 (3) 

C3B — C2B — C5B — C4B -1.2 (3) 

C1B — C2B — C5B — C4B 121.8(3) 

C3B — C2B — C5B — C6B -123.5 (3) 

C1B — C2B — C5B — C6B -0.5 (3) 

C4B — C5B — C6B — C7B -64.2 (3) 

C2B — C5B — C6B — C7B 53.5 (3) 

C4B — C5B — C6B — C 1 4B 6 1 .4 (4) 

C2B— C5B— C6B— C14B 179.1 (3) 

C4B — C5B — C6B — C 1 OB -178.4(3) 

C2B — C5B — C6B — C 1 OB -60.6(3) 

C14B— C6B— C7B— C8B 178.1 (3) 

C10B— C6B— C7B— C8B 55.5 (4) 

C5B — C6B — C7B — C8B -56.2 (3) 

C6B — C7B — C8B — C 1 B -0.6 (4) 

CUB— C1B— C8B— C7B -179.0(3) 

C9B — C 1 B — C8B — C7B -53.7(3) 

C2B — C 1 B — C8B — C7B 56.2(3) 

C8B — C 1 B — C9B — C 1 OB 51.6(4) 

CUB— C1B— C9B— C10B 177.1 (3) 

C2B — C 1 B — C9B — C 1 OB -59.4(3) 

C1B — C9B — C10B — C6B -0.9(4) 

C7B— C6B— C 1 OB— C9B -5 1 . 5 (4) 

C14B— C6B— C10B— C9B -176.1 (3) 

C5B— C6B— C 1 OB— C9B 6 1 .4 (4) 

C8B— C1B— CUB— C13B -177.2(3) 

C9B— C1B— CUB— C13B 61.1 (4) 

C2B— C1B— CUB— C13B -56.8(4) 

C8B— C1B— CUB— C12B 57.3(4) 

C9B— C1B— CUB— C12B -64.5(4) 

C2B— C1B— CUB— C12B 177.6(3) 

NIB— N2B— C15B— C16B 178.3 (3) 

N2B — C 1 5B— C 1 6B— C2 IB 3.2(5) 

N2B— C15B— C16B— C17B -174.9(3) 

C21B— C16B— C17B— C18B 0.8(5) 

C15B— C16B— C17B— C18B 179.0 (3) 

C21B— C16B— C17B— CUB -179.5 (3) 

C15B— C16B— C17B— CUB -1.3 (5) 

C16B— C17B— C18B— C19B -0.8(6) 

CUB— C17B— C18B— C19B 179.5 (4) 
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C16A— C17A— C18A— C19A 0.9(6) 

C11A— C17A— C18A— C19A 179.1 (3) 

C 1 7 A— C 1 8 A— C 1 9 A— C20 A - 1 . 3 (6) 

C18A— C19A— C20A— C21A 1.2(6) 

C19A— C20A— C21A— C16A -0.7(6) 



C17B— C18B— C19B— C20B 0.1 (6) 

C18B— C19B— C20B— C21B 0.5 (6) 

C19B— C20B— C21B— C16B -0.5 (6) 

C17B— C16B— C21B— C20B -0.1 (5) 

C15B— C16B— C21B— C20B -178.3 (3) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

C2B — H2BB—01A' 0.98 2.40 3.213 (4) 139 
Symmetry codes: (i) x-V2, -y+l/2, z+1. 
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